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| PROVIDING A MINIMALLY INVASIVE ROBOTICALLY MANIPULATED
| SURGICAL TOOL THAT INCLUDES A PROXIMAL CHASSIS HAVING A
' FRAME, AN INTERFACE FITTING COUPLED WITH THE FRAME, AND
- A SECURING FEATURE TO PREVENT RELATIVE AXIAL SLIDING

; MOUNTING THE CHASSIS ONTO A HOLDING FIXTURE OF A

' ROBOTIC MANIPULATOR BY ENGAGING A MOUNTING FEATURE OF

- THE INTERFACE FITTING WITH A COMPLEMENTARY-SHAPED
MOUNTING FEATURE OF THE HOLDING FIXTURE - 704

ARTICULATING THE END EFFECTOR WITHIN A MINIMALLY
INVASIVE SURGICAL SITE - 106

- IN RESPONSE TO BINDING OF THE SURGICAL TOOL WITHIN THE
| SURGICAL SITE SO AS TO INHIBIT REMOVAL OF THE TOOL FROM
- THE SURGICAL SITE AND DISENGAGEMENT OF THE MOUNTING

| FEATURE OF THE INTERFACE FITTING FROM THE MOUNTING

| FEATURE OF THE HOLDING FIXTURE, RELEASING THE SECURING
| FEATURE SO AS TO ALLOW RELATIVE SLIDING BETWEEN THE

- DEMOUNTING THE FRAME, SHAFT, AND END EFFECTOR OF THE
' SURGICAL TOOL FROM THE INTERFACE FITTING AND THE
HOLDING FIXTURE BY MOVING BOTH THE INTERFACE FITTING
AND THE HOLDING FIXTURE RELATIVE TO THE FRAME - 7110
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1
ALTERNATE INSTRUMENT REMOVAL

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a Continuation of U.S. patent

application Ser. No. 14/992,517 filed Jan. 11, 2016 (Al-
lowed); which 1s a Continuation of U.S. patent application
Ser. No. 12/976,604 filed Dec. 22, 2010 (now U.S. Pat. No.

9,241,766); the full disclosures which are incorporated
herein by reference in their entirety for all purposes.

BACKGROUND

Minimally-invasive surgical techniques are aimed at
reducing the amount of extraneous tissue that 1s damaged
during diagnostic or surgical procedures, thereby reducing
patient recovery time, discomiort, and deleterious side
cllects. As a consequence, the average length of a hospital
stay for standard surgery may be shortened significantly
using mimmally-1nvasive surgical techniques. Also, patient
recovery times, patient discomifort, surgical side effects, and
time away from work may also be reduced with minimally-
Invasive surgery.

A common form of minimally-invasive surgery 1s endos-
copy, and a common form of endoscopy i1s laparoscopy,
which 1s minimally-invasive inspection and surgery inside
the abdominal cavity. In standard laparoscopic surgery, a
patient’s abdomen 1s 1insufllated with gas, and cannula
sleeves are passed through small (approximately one-half
inch or less) incisions to provide entry ports for laparoscopic
instruments.

Laparoscopic surgical mstruments generally include an
endoscope (e.g., laparoscope) for viewing the surgical field
and tools for working at the surgical site. The working tools
are typically similar to those used 1n conventional (open)
surgery, except that the working end or end eflector of each
tool 1s separated from 1ts handle by an extension tube (also
known as, €.g., an mstrument shaft or a main shait). The end
ellector can include, for example, a clamp, grasper, scissor,
stapler, cautery tool, linear cutter, or needle holder.

To pertorm surgical procedures, the surgeon passes work-
ing tools through cannula sleeves to an internal surgical site
and manipulates them from outside the abdomen. The sur-
geon views the procedure from a monitor that displays an
image of the surgical site taken from the endoscope. Similar
endoscopic techniques are employed in, for example,
arthroscopy, retroperitoneoscopy, pelviscopy, nephroscopy,
cystoscopy, cisternoscopy, sinoscopy, hysteroscopy, ure-
throscopy, and the like.

Minimally-invasive telesurgical robotic systems are being,
developed to 1ncrease a surgeon’s dexterity when working
on an internal surgical site, as well as to allow a surgeon to
operate on a patient from a remote location (outside the
sterile field). In a telesurgery system, the surgeon 1s often
provided with an i1mage of the surgical site at a control
console. While viewing a three-dimensional image of the
surgical site on a suitable viewer or display, the surgeon
performs the surgical procedures on the patient by manipu-
lating master input or control devices of the control console.
Each of the master mput devices controls the motion of a
servo-mechanically actuated/articulated surgical instrument.
During the surgical procedure, the telesurgical system can
provide mechanical actuation and control of a variety of
surgical mstruments or tools having end eflectors that per-
form various functions for the surgeon, for example, holding
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2

or driving a needle, grasping a blood vessel, dissecting
tissue, or the like, 1n response to manipulation of the master
input devices.

Non-robotic linear clamping, cutting, and stapling devices
have been employed 1n many different surgical procedures.
For example, such devices can be used 1n a lower anterior
resection (LAR) to resect a cancerous or anomalous tissue
from the proximal (upper) two-thirds of the rectum. In an
LAR, however, 1t 1s not uncommon for the surgical 1nstru-
ment to be tully inserted (i.e., the mnstrument shaft becomes
tully 1nserted) during the procedure. And in some 1nstances,
a high force clamping mstrument such as a stapler device
may become clamped on tissue and unable to unclamp.
When both of these situations occur simultaneously (i.e.,
instrument fully inserted and the end eflector device unable
to unclamp), 1t may be necessary to decouple the surgical
instrument from the robotic system to eflectively deal with
the situation. With existing instruments and robotic systems,
however, 1t may be diflicult 1f not impossible to decouple the
surgical instrument from the robotic system 1 such a
scenario.

BRIEF SUMMARY

Surgical instruments for use with a robotic manipulator of
a minimally invasive surgical system and methods for using
a surgical mstrument with a robotic manipulator of a mini-
mally mvasive surgical system are disclosed. The disclosed
surgical instruments and methods can, for example, ensure
that a surgical instrument can be decoupled from a robotic
mamipulator when an end eflector clamping device is unable
to be unclamped from patient tissue while the surgical
instrument 1s fully mserted into the patient. By decoupling
the surgical instrument from the robotic manipulator, the
robotic manipulator can be repositioned out of the way of
cllorts to deal with the bound surgical instrument.

Thus, 1n a first aspect, a method 1s provided for using a
surgical mstrument with a robotic manipulator of a mini-
mally 1nvasive surgical system. The method includes pro-
viding a surgical instrument that includes an elongate shaft
extending along an axis between a distal end and a proximal
end, a chassis disposed at the proximal end, and an end
ellector disposed at the distal end. The chassis includes a
frame, an interface fitting demountably coupled with the
frame via sliding engagement along the axis between the
frame and the interface fitting, and a securing feature that 1s
operable to prevent relative axial sliding between the inter-
face fitting and the frame. The chassis 1s mounted onto a
holding fixture of the robotic mampulator by engaging a
mounting feature of the iterface fitting with a complemen-
tary-shaped mounting feature of the holding fixture. And the
end eflector 1s articulated within a mimimally 1nvasive
surgical site. In response to binding of the surgical instru-
ment within the surgical site so as to ihibit removal of the
end eflector and shait from the surgical site, and so as to
inhibit disengagement of the mounting feature of the inter-
face fitting from the mounting feature of the holding fixture,
the securing feature 1s released so as to allow relative sliding
between the interface fitting and the frame. The frame, shaft,
and end eflector of the surgical mstrument are demounted
from the interface fitting of the surgical mstrument and the
holding fixture of the robotic manipulator by moving the

interface fitting relative to the frame along the axais.
The above method can include additional acts. For

example, the method can include sliding the interface fitting
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into engagement with the frame. And the method can include
securing the interface fitting 1n engagement with the frame
via the securing feature.

In many embodiments, the securing feature includes a
removable fastener. For example, the securing feature can
include a plurality of removable fasteners.

In many embodiments, the mterface fitting and the frame
include complementary-shaped interfacing features. For
example, the complementary interfacing features can
include a slot extending along the axis. And the comple-
mentary-shaped interfacing features of the interface fitting,
and the frame can 1include two slots extending along the axis,
with the slots disposed on opposite sides of the frame. For
example, the frame can include the two slots and the
interface fitting can include two protruding mounting fea-
tures extending along the axis. And each of the protruding
mounting features can include a flange extending along the
axis.

In another aspect, a surgical instrument 1s provided for use
with a robotic manipulator of a minimally invasive surgical
system, the robotic manipulator having a holding fixture.
The surgical imnstrument includes an elongate shaft extending
along an axis between a distal end and a proximal end, a
chassis disposed at the proximal end, and an end effector
disposed at the distal end. The chassis includes a frame
supporting the shaft, an interface fitting demountably
coupled with the frame via sliding engagement along the
axis between the frame and the interface fitting, and a
securing feature releasably preventing relative axial sliding
between the interface fitting and the frame. The interface
fitting has a mounting feature receivable by the holding
fixture of the robotic manipulator so as to mount the instru-
ment thereon. The end eflector 1s articulatable relative to the
shaft so as to manipulate tissue within a minimally 1nvasive
surgical site. The securing feature 1s configured for releasing
in response to binding of the surgical instrument within the
surgical site, the binding inhibiting removal of the end
cllector and shait from the surgical site and disengagement
of the mounting feature of the interface fitting from the
holding fixture. Releasing the securing features allows rela-
tive sliding between the interface fitting and the frame so as
to promote demounting of the frame, shait, and end eflector
of the surgical instrument from the interface fitting of the
surgical mstrument and the holding fixture of the robotic
manipulator by moving the interface fitting relative to the
frame along the axis.

In many embodiments, the securing feature includes a
removable fastener. For example, the securing feature can
include a plurality of removable fasteners.

In many embodiments, the mterface fitting and the frame
include complementary-shaped interfacing features. For
example, the complementary interfacing features can
include a slot extending along the axis. And the comple-
mentary-shaped interfacing features of the interface fitting
and the frame can 1include two slots extending along the axis,
with the slots disposed on opposite sides of the frame. For
example, the frame can include the two slots and the
interface fitting can include two protruding mounting fea-
tures extending along the axis. And each of the protruding
mounting features can include a flange extending along the
axis.

The interface fitting can have a u-shaped configuration
that interfaces with the frame on three sides of the frame.
And the u-shaped interface fitting can be recerved within
two slots in the frame disposed on opposite sides of the
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frame. The securing feature can include two removable
fasteners, each of the removable fasteners coupling with a
nut retained by the frame.

For a tuller understanding of the nature and advantages of
the present invention, reference should be made to the
ensuing detailed description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a plan view of a minimally-invasive robotic
surgery system being used to perform a surgery, in accor-
dance with many embodiments.

FIG. 2 1s a perspective view of a surgeon’s control console
for a robotic surgery system, in accordance with many
embodiments.

FIG. 3 1s a perspective view ol a robotic surgery system
clectronics cart, 1n accordance with many embodiments.

FIG. 4 1s a simplified diagrammatic illustration of a
robotic surgery system, in accordance with many embodi-
ments.

FIG. 5A 1s a front view of a patient-side cart (surgical
robot) of a robotic surgery system, in accordance with many
embodiments.

FIG. 5B 1s a front view of a robotic surgical tool.

FIG. 6 1s a perspective view of an interface {itting coupled
with a frame of a proximal chassis of a robotic surgical tool,
in accordance with many embodiments.

FIG. 7 1s an exploded perspective view of components of
FIG. 6.

FIG. 8 1s a perspective view of a robotic surgical tool and
interface fitting assembly coupled to a robotic manipulator
of a minimally 1nvasive surgical system, 1n accordance with
many embodiments.

FIG. 9 1s an exploded perspective view of components of
FIG. 8 and illustrates decoupling of the robotic surgical tool
from the robotic manipulator via the removal of the interface
fitting, 1n accordance with many embodiments.

FIG. 10 1s a simplified block diagram of a method for
using a robotic surgical tool with a robotic manipulator of a
minimally invasive surgical system, in accordance with
many embodiments.

DETAILED DESCRIPTION

In the following description, various embodiments of the
present mvention will be described. For purposes of expla-
nation, specific configurations and details are set forth in
order to provide a thorough understanding of the embodi-
ments. However, 1t will also be apparent to one skilled in the
art that the present invention can be practiced without the
specific details.

Furthermore, well-known features may be omitted or
simplified 1n order not to obscure the embodiment being

described.

Minimally-Invasive Robotic Surgery

Referring now to the drawings, in which like reference
numerals represent like parts throughout the several views,
FIG. 1 1s a plan view 1llustration of a Minimally-Invasive
Robotic Surgical (MIRS) system 10, typically used for
performing a minimally-1nvasive diagnostic or surgical pro-
cedure on a Patient 12 who 1s lying down on an Operating
table 14. The system can include a Surgeon’s Console 16 for
use by a Surgeon 18 during the procedure. One or more
Assistants 20 may also participate 1n the procedure. The
MIRS system 10 can further include a Patient-Side Cart 22
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(surgical robot), and an Electronics Cart 24. The Patient Side
Cart 22 can manipulate at least one removably coupled tool
assembly 26 (heremnafter simply referred to as a “tool”)
through a minimally-invasive incision in the body of the
Patient 12 while the Surgeon 18 views the surgical site
through the Console 16. An 1mage of the surgical site can be
obtained by an endoscope 28, such as a stereoscopic endo-
scope, which can be manipulated by the Patient-Side Cart 22
so as to orient the endoscope 28. The Electronics Cart 24 can
be used to process the images of the surgical site for
subsequent display to the Surgeon 18 through the Surgeon’s
Console 16. The number of surgical tools 26 used at one
time will generally depend on the diagnostic or surgical
procedure and the space constraints within the operating
room among other factors. It 1t 1s necessary to change one
or more of the tools 26 being used during a procedure, an
Assistant 20 may remove the tool 26 from the Patient-Side
Cart 22, and replace 1t with another tool 26 from a tray 30
in the operating room.

FI1G. 2 15 a perspective view of the Surgeon’s Console 16.
The Surgeon’s Console 16 includes a left eye display 32 and
a right eye display 34 for presenting the Surgeon 18 with a
coordinated stereo view of the surgical site that enables
depth perception. The Console 16 further includes one or
more mput control devices 36, which in turn cause the
Patient-Side Cart 22 (shown in FIG. 1) to manipulate one or
more tools. The input control devices 36 can provide the
same degrees of freedom as their associated tools 26 (shown
in FIG. 1) so as to provide the Surgeon with telepresence, or
the perception that the input control devices 36 are integral
with the tools 26 so that the Surgeon has a strong sense of
directly controlling the tools 26. To this end, position, force,
and tactile feedback sensors (not shown) can be employed to
transmit position, force, and tactile sensations from the tools
26 back to the Surgeon’s hands through the nput control
devices 36.

The Surgeon’s Console 16 1s usually located in the same
room as the patient so that the Surgeon may directly monitor
the procedure, be physically present 1f necessary, and speak
to an Assistant directly rather than over the telephone or
other communication medium. However, the Surgeon can be
located 1n a different room, a completely different building,
or other remote location from the Patient allowing for
remote surgical procedures (1.e., operating from outside the
sterile field).

FIG. 3 1s a perspective view of the Electronics Cart 24.
The Electronics Cart 24 can be coupled with the endoscope
28 and can include a processor to process captured 1images
for subsequent display, such as to a Surgeon on the Sur-
geon’s Console, or on any other suitable display located
locally and/or remotely. For example, where a stereoscopic
endoscope 1s used, the Flectronics Cart 24 can process the
captured 1mages so as to present the Surgeon with coordi-
nated stereco images of the surgical site. Such coordination
can include alignment between the opposing images and can
include adjusting the stereo working distance of the stereo-
scopic endoscope. As another example, 1mage processing
can include the use of previously determined camera cali-
bration parameters so as to compensate for imaging errors of
the 1mage-capture device, such as optical aberrations.

FIG. 4 diagrammatically illustrates a robotic surgery
system 50 (such as MIRS system 10 of FIG. 1). As discussed
above, a Surgeon’s Console 52 (such as Surgeon’s Console
16 in FIG. 1) can be used by a Surgeon to control a
Patient-Side Cart (Surgical Robot) 34 (such as Patent-Side
Cart 22 1n FIG. 1) during a minimally-invasive procedure.
The Patient-Side Cart 54 can use an imaging device, such as
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a stereoscopic endoscope, to capture images ol the proce-
dure site and output the captured 1mages to an Electronics

Cart 56 (such as the Electronics Cart 24 i FIG. 1). As
discussed above, the Electronics Cart 56 can process the
captured 1mages 1n a variety of ways prior to any subsequent
display. For example, the Electronics Cart 36 can overlay the
captured images with a virtual control interface prior to
displaying the combined images to the Surgeon via the
Surgeon’s Console 52. The Patient-Side Cart 54 can output
the captured images for processing outside the Electronics
Cart 56. For example, the Patient-Side Cart 54 can output the
captured 1mages to a processor 38, which can be used to
process the captured images. The 1images can also be pro-
cessed by a combination the Flectronics Cart 56 and the
processor 58, which can be coupled together so as to process
the captured 1mages jointly, sequentially, and/or combina-
tions thereof. One or more separate displays 60 can also be
coupled with the processor 58 and/or the Electronics Cart 56
tor local and/or remote display of images, such as images of
the procedure site, or any other related images.

FIGS. SA and 5B show a Patient-Side Cart 22 and a
surgical tool 62, respectively. The surgical tool 62 1s an
example of the surgical tools 26. The Patient-Side Cart 22
shown provides for the manipulation of three surgical tools
26 and an 1maging device 28, such as a sterecoscopic endo-
scope used for the capture of images of the site of the
procedure. Manipulation 1s provided by robotic mechanisms
having a number of robotic joints. The imaging device 28
and the surgical tools 26 can be positioned and manipulated

through incisions in the patient so that a kinematic remote
center 1s maintained at the 1incision so as to minimize the size
of the incision.

Images of the surgical site can include images of the distal
ends of the surgical tools 26 when they are positioned within
the field-of-view of the imaging device 28.

Mounting and Demounting of a Bound Surgical
Tool

FIGS. 6 and 7 illustrate the coupling of an interface fitting,
64 coupled and a frame 66 of a proximal chassis of a robotic
surgical tool for a minimally mnvasive robotic surgery sys-
tem, 1n accordance with many embodiments. The interface
fitting 64 has a u-shaped configuration that interfaces with
the frame 66 on three sides of the frame. The interface fitting
64 1ncludes first and second elongate flanges 68, 70 disposed
on opposite sides of the interface fitting. The first and second
clongate flanges 68, 70 are received within complementary
shaped slots 72, 74, respectively, disposed on corresponding,
opposite sides of the frame. The 1nterface fitting 1s coupled
with the frame by sliding the first and second elongate
flanges 68, 70 into the corresponding slots 72, 74 and
installing two removable fasteners 76 to secure the interface
fitting to the frame, thereby preventing relative axial sliding
between the interface fitting and the frame. The frame
includes two receptacles 78 configured to receive and rota-
tionally restrain two nuts 80 for the two removable fasteners
76.

The interface fitting 64 provides mounting features that
are receivable by a holding fixture of a robotic manipulator
of a minimally invasive surgical system. The mounting
features include two external flanges 82, 84 disposed on
opposite sides of the interface fitting and configured to be
received by respective complementary-shaped slots 1n the
holding fixture of the robotic manipulator.

FIGS. 8 and 9 illustrate mounting and demounting of a
surgical tool 86 to and from, respectively, a robotic manipu-
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lator 88 of a mimimally 1nvasive surgical system, 1n accor-
dance with many embodiments. In FIG. 8, the interface
fitting 64 1s shown coupled with the frame of the proximal
chassis 90, and the combined assembly 1s mounted to a
holding fixture 92 of the robotic manipulator 88. In normal
circumstances, the interface fitting can be coupled to the
frame and the combined assembly can then be mounted to
the holding fixture by inserting a distal end 94 of the surgical
tool through a guide aperture 96 of the robotic manipulator
88 and mounting the combined assembly onto the holding
fixture via relative sliding between the combined assembly
and the holding fixture along a direction corresponding to
receiving slots 98 in the holding fixture and the two external
flanges 82, 84 of the interface fitting. Likewise, in regular
circumstances, the combined assembly can be demounted
from the holding fixture via a reverse relative sliding
between the combined assembly and the holding fixture. A
securing feature (not shown) can be used to selectively
prevent relative sliding between the mounted combined
assembly and the holding fixture so that the combined
assembly 1s fully secured to the holding fixture 92.

FIG. 9 illustrates demounting the surgical tool from the
robotic manipulator i1n response to binding of the surgical
tool 86 within a surgical site so as to inhibit the removal of
the surgical tool from the surgical site and disengagement of
the combined assembly from the holding fixture of the
robotic manipulator. By removing the two removable fas-
teners 76 (shown in FIGS. 6 and 7), the interface fitting can
be decoupled from engagement with both the frame 66 and
the holding fixture 92, thereby decoupling the frame 66 from
the holding fixture 92. The robotic manipulator 88 can then
be moved out of the way, thereby providing increased access
to the bound surgical nstrument. Accordingly, a surgical
istrument can be decoupled from a robotic manipulator
when an end eflector clamping device i1s unable to be
unclamped from patient tissue while the surgical instrument
1s Tully inserted into the patient. Likewise, this demounting
process can be reversed to mount a surgical instrument to the
robotic manipulator.

FIG. 10 illustrates a method 100 for using a surgical
instrument with a robotic manipulator of a minimally sur-
gical system, 1n accordance with many embodiments. The
surgical tools and interface fittings disclosed herein can be
used to practice the method 100.

In act 102, a surgical tool 1s provided that includes a
proximal chassis having a frame, an interface fitting coupled
with the frame, and a securing feature to prevent relative
movement between the interface fitting and the frame. For
example, the surgical tool can include an elongate shaft
extending along an axis between a distal end and a proximal
end, the proximal chassis, and an end effector disposed at the
distal end. The interface fitting can be demountably coupled
with the frame wvia sliding engagement along the axis
between the frame and the interface fitting. The shiding
engagement can be provided via complementary-shaped
interfacing features on the interface fitting and the frame,
such as a slot extending along the axis. For example, the
complementary-shaped interfacing features of the frame can
include two slots extending along the axis that are disposed
on opposite sides of the frame. The complementary-shaped
interfacing features of the interface fitting can include two
protruding features, such as flanges, extending along the
axis. And the securing feature can be operable to prevent
relative axial sliding between the interface fitting and the
frame. The securing feature can include one or more remov-
able fasteners.
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In act 104, the chassis 1s mounted onto a holding fixture
ol the robotic manipulator. For example, a mounting feature
of the interface fitting can be engaged with a complemen-
tary-shaped mounting feature of the holding feature.

In act 106, the end eflector 1s mampulated within a
minimally invasive surgical site. For example, the end
cllector can be a cutting and stapling device that 1s used to
resect a cancerous tissue.

In act 108, 1n response to binding of the surgical tool
within the surgical site, the securing feature 1s released so as
to allow relative sliding between the interface fitting and the
frame. Such binding may inhibit removal of the end effector
and shaft from the surgical site and inhibit disengagement of
the mounting feature of the interface fitting from the mount-
ing feature of the holding fixture.

In act 110, the frame, shaft, and end eflector of the
surgical tool 1s demounted from the interface fitting of the
surgical tool and the holding fixture of the robotic manipu-
lator by moving both the interface fitting and the holding
fixture relative to the frame along the axis.

The method 100 can include additional acts. For example,
the method can further include sliding the interface fitting,
into engagement with the frame. And the method 100 can
turther include securing the interface fitting 1n engagement
with the frame via the securing feature.

Other varniations are within the spirit of the present
invention. Thus, while the invention 1s susceptible to various
modifications and alternative constructions, certain illus-
trated embodiments thereot are shown 1n the drawings and
have been described above 1n detail. It should be understood,
however, that there 1s no intention to limit the invention to
the specific form or forms disclosed, but on the contrary, the
intention 1s to cover all modifications, alternative construc-
tions, and equivalents falling within the spirit and scope of
the 1nvention, as defined 1n the appended claims.

The use of the terms “a” and “an” and “the” and similar
referents 1n the context of describing the mvention (espe-
cially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. The term “connected” 1s to be construed as partly or
wholly contained within, attached to, or joined together,
even 11 there 1s something intervening. Recitation of ranges
of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value
falling within the range, unless otherwise indicated herein,
and each separate value 1s incorporated nto the specification
as 1f 1t were individually recited herein. All methods
described herein can be performed in any suitable order
unless otherwise indicated herein or otherwise clearly con-
tradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as™) provided herein, is
intended merely to better i1lluminate embodiments of the
invention and does not pose a limitation on the scope of the
invention unless otherwise claimed. No language i1n the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

Preferred embodiments of this mvention are described
herein, including the best mode known to the iventors for
carrying out the invention. Varations ol those preferred
embodiments may become apparent to those of ordinary
skill 1in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations
as appropriate, and the inventors intend for the invention to
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be practiced otherwise than as specifically described herein.
Accordingly, this mnvention includes all modifications and
equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination ol the above-described elements 1 all
possible varnations thereot 1s encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

All references, including publications, patent applica-
tions, and patents, cited herein are hereby incorporated by
reference to the same extent as 1f each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein.

What 1s claimed 1s:

1. A surgical system comprising;

a surgical system manipulator comprising a holding fix-

ture; and

a surgical mstrument comprising:

a chassis:

an 1nstrument shaft comprising a first end, a second end
opposite the first end, and an instrument shait axis
defined through the first end and the second end;

an end eflector coupled via the instrument shaft to the
chassis; and

an interface fitting that 1s mountable to the chassis;

wherein the chassis and the interface fitting coupled
together are a combined assembly;

wherein the combined assembly 1s mountable to the
holding fixture of the surgical system manipulator to
produce a mounted configuration 1n which the com-
bined assembly 1s held by the holding fixture via the
interface fitting, and 1n which the chassis 1s 1 a
mounted position and orientation relative to the
holding fixture;

wherein the mterface fitting 1s demountable from both
the chassis and the holding fixture to produce a
demountable configuration 1 which the chassis 1s
demountable from the holding fixture via movement
of the chassis from the mounted position and orien-
tation relative to the holding fixture 1 a direction
transverse to the instrument shaft axis; and

wherein the combined assembly comprises a securing
feature for securing the interface fitting to the chassis
and for releasing the interface fitting from the chassis
to accommodate demounting of the interface fitting
from both the chassis and the holding fixture.

2. The surgical system of claim 1, wherein the chassis
comprises a slot by which the interface fitting 1s mountable
to the chassis.

3. The surgical system of claim 1, wherein the chassis
comprises two slots by which the interface fitting 1s mount-
able to the chassis, one of the two slots being on an opposite
side of the chassis relative to the other of the two slots.

4. The surgical system of claim 1 wherein:

the combined assembly comprises two protruding mount-

ing features;

the holding fixture comprises two holding fixture mount-

ing slots; and

cach of the two holding fixture mounting slots accommo-

dates a corresponding one of the two protruding mount-
ing features of the combined assembly.

5. The surgical system of claim 1, wherein the combined
assembly 1s mountable to the holding fixture via translation
of the combined assembly relative to the holding fixture 1n
a mounting direction parallel to the instrument shaft axis.

6. The surgical system of claim 5, wherein the combined
assembly 1s demountable from the holding fixture via trans-
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lation of the combined assembly relative to the holding
fixture 1n a demounting direction opposite to the mounting
direction.

7. The surgical system of claim 1, wherein the interface
fitting 1nterfaces with the chassis on three sides of the
chassis.

8. The surgical system of claim 1, wherein the securing
feature comprises a removable fastener and a nut retained by
the chassis.

9. A surgical system, comprising:

a surgical mstrument assembly comprising a chassis, an

instrument shatit including a first end and a second end

opposite the first end, an mnstrument shaft axis defined

through the first end and the second end, and an end

ellector coupled via the instrument shait to the chassis;
an interface fitting;

means for coupling the interface fitting to the chassis to

produce a combined assembly;

means for mounting the combined assembly to a means

for translating the surgical instrument assembly along
the mstrument shaft axis to accomplish a surgical task
to produce a mounted configuration 1n which the chas-
s1s 1s held, via the interface fitting, to the means for
translating the surgical instrument assembly 1 a
mounted position and orientation relative to the means
for translating the surgical mstrument assembly; and
means for decoupling the interface fitting from the chassis
to produce a demountable configuration in which the
surgical mstrument assembly 1s demountable from the
means for translating the surgical instrument assembly
via movement of the surgical instrument assembly from
the mounted position and orientation relative to the
means for translating the surgical instrument assembly
in a direction transverse to the istrument shaft axis.

10. The surgical system of claim 9, comprising a means
for securing the interface fitting to the chassis and releasing
the interface fitting from the chassis to accommodate decou-
pling of the interface fitting from the chassis.

11. The surgical system of claim 9, comprising means for
detachable mounting of the interface fitting to the chassis.

12. The surgical system of claim 9, wherein the combined
assembly 1s mountable to the means for translating the
surgical instrument assembly along the instrument shaft axis
via translation of the combined assembly relative to the
means for translating the surgical instrument assembly along
the 1mstrument shaft axis in a mounting direction.

13. The surgical system of claim 12, wherein the com-
bined assembly 1s demountable from the means for trans-
lating the surgical instrument assembly along the instrument
shaft axis via translation of the combined assembly relative
to the means for translating the surgical instrument assembly
along the instrument shait axis 1n a demounting direction
opposite to the mounting direction.

14. The surgical system of claim 12, wherein the mount-
ing direction is parallel to the mstrument shaft axis.

15. The surgical system of claim 14, wherein the com-
bined assembly 1s demountable from the means for trans-
lating the surgical instrument assembly along the instrument
shaft axis via translation of the combined assembly relative
to the means for translating the surgical instrument assembly
along the instrument shait axis 1n a demounting direction
opposite to the mounting direction.

16. A surgical instrument comprising:

a chassis; and

an mterface fitting that 1s mountable to the chassis,

wherein the chassis and the interface fitting coupled
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together are a combined assembly that comprises two
protruding mounting features;

wherein the combined assembly, 1n relation to a holding
fixture of a surgical system manipulator, comprises a
mountable state in which the combined assembly 1s
mountable to the holding fixture and a first demount-
able state 1n which the combined assembly 1s demount-
able from the holding fixture 1n a first direction;

wherein the surgical mstrument 1s demountable from the

holding fixture in a second direction different from the

first direction while the interface fitting 1s decoupled

from the chassis;

wherein the holding fixture comprises two holding fixture
mounting slots; and

wherein each of the two holding fixture mounting slots
accommodates a corresponding one of the two protrud-
ing mounting features of the combined assembly.

17. The surgical mstrument of claim 16, wherein:

the surgical mstrument comprises a shaft;

the shait comprises a first end and a second end opposite
the first end;

a shaft axis 1s defined between the first end and the second
end;

the first end of the shatt 1s coupled to the chassis; and

the first direction 1s parallel to the shaft axis.

18. The surgical instrument of claim 16, wherein:

the surgical instrument comprises a securing feature oper-
able to secure the interface fitting to the chassis.
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